from hospital, patients answered the Oswestry Low Back Pain Disability (OLBPD) Questionnaire for assessment of treatment-related change in disability. Percutaneous vertebroplasty was performed in a total of 19 patients. In three patients with tumor related compression of nerve roots an open neurolysis was performed followed by vertebroplasty. Results: A total of 86% of patients reported a significant pain reduction. Vertebroplasty was highly beneficial for patients with pain related to local instability of the spine, but less so in patients with additional nerve root compression. Extravasation of PMMA beyond the vertebral margins was observed in 23% of the cases. No treatment-related clinical or neurological complications were seen. Conclusions: PMMA vertebroplasty is a useful and safe method of pain relief for patients with malignant osteolytic diseases of the thoracic and lumbar spine. 
Introduction
Severe pain after compression fractures of the spine is a common medical problem. Vertebral compression fractures occur either due to mineral loss of the bone in osteoporosis, or due to vertebral destruction in benign or malignant tumors. Percutaneous vertebroplasty is a method to augment bone and to relieve the pain by the injection of polymethylmethacrylate into a collapsed vertebral body [1] . In patients with malignancies, the infiltrating tumor destroys the integrity of the vertebrae, which is followed by vertebral collapse causing severe pain. Regardless of the etiology, vertebral compression fractures yield to disabling pain in all patients. Prior to the introduction of percutaneous vertebroplasty, this pain has been treated conservatively with analgesics, bed rest and external bracing. However, these treatments provided only variable efficacy [2] . The minority of patients began to get pain relief within a few days or weeks after their fracture. The majority had severe and persistent pain for weeks or months. Surgery is rarely considered a therapy for patients with metastatic bone infiltration. Vertebroplasty is useful for the treatment of selected patients with spinal malignancies. In general, the technique has been applied to patients with a limited life span, and those who are considered to be poor surgical candidates. Vertebroplasty may be performed to provide pain reduction, spinal stabilization, or both. Extensive osteolysis particularly involving the posterior vertebral cortex may lead to a leakage of the material used for vertebroplasty into the spinal canal. As a result spinal cord or nerve root compression may occur. In contrast to benign compression fractures, the treatment of neoplastic lesions often requires modification of the techniques used for vertebroplasty. Combination of vertebroplasty with post treatment irradiation is possible and useful. The advantage of vertebroplasty for treatment of neoplastic disease was supported in a previous series. Weil et al. [3] reported a clear improvement of pain in 24 (73%) of 33 procedures in a series of patients treated for metastatic lesions by vertebroplasty. In five patients (14%) they observed minor complications, all related to cement extravasation. Three patients developed radicular pain. In a follow up study on 37 patients "marked pain relief" was noted in 22 (59%) cases. Extra-vertebral cement leakage was detected by CT in 29 of the 40 treated vertebrae. In almost all cases, the leaks were small and had no clinical relevance [4] . Comparing the treatment of benign osteoporotic fractures with vertebral malignancies, vertebroplasty has similar results with regards to pain relief. However, complications were more frequent in patients with malignancies. This study was conducted to test the hypothesis that the reduction of pain after percutaneous vertebroplasty is an immediate and long lasting phenomenon that is highly beneficial for patients with malignant osteolytic processes in the spine.
Methods
Between January and July 2002 patients with osteolytic malignancies of the thoracic and lumbar spine without neurological deficits were included into the study. The main indication for treatment was pain. Preoperatively, an intensive diagnostic workup was performed in all patients including spinal MRI for detection of tumor extension, localization, infiltration of the spinal canal and paravertebral tissue; spinal CT of the affected vertebrae for evaluation of paravertebral infiltration and bony destruction and a conventional x-ray of the affected spinal region. The degree of metastatic infiltration of the vertebral bodies was quantified by the Tokuhashi scoring system [5] . Life quality questionnaire
For assessment of changes in quality of life after vertebroplasty all patients received the Oswestry Low Back Pain Disability Questionnaire before, two days, six weeks and six months after vertebroplasty [6] . This questionnaire is divided into ten sections assessing back pain related limitations of various activities of the daily life. Each section contains six statements. The patient marks the one statement in each section which describes his limitation most accurately. Each section is scored on a 0-5 scale, 5 representing the greatest disability. The scores for all sections added together, give a possible score of 50. If a section is not completed because it is inapplicable, the final score is adjusted to obtain a percentage. The validity and reliability of the questionnaire was proofed by several studies [7] , [8] , [9] . A 5-step disability score was used to group the percentage results (Table 1) . Results from the pre-and post-treatment questionnaire were compared.
Pain assessment
Two additional pain scales were used. The visual analogue scale was used to estimate the patients' pain perception prior to, two days, six weeks and half a year after vertebroplasty. This scale with a range of 0-10 is a standard method in pain analysis. 0 stands for no pain, 10 for intolerable pain. All patients receiving local anesthesia for vertebroplasty were additionally asked about their comfort levels during the operation procedure. A five step scale was used immediately after treatment. The scale was defined as follows: 1. no problems 2. short lived and well tolerable pain 3. moderate pain 4. distinct pain during the procedure 5. intolerable pain. Patients, who received general anesthesia for surgical neurolysis followed by vertebroplasty were excluded from this part of analysis.
Analgesic medication
Preoperatively most patients received an analgesic combination regime for pain treatment. Changes in analgesia after vertebroplasty were assessed using a 5 step classification ( Table 2 ).
Treatment procedure
Bilateral vertebroplasty was performed in the operating room using fluoroscopy. All patients, except those with segmental pain related to tumor compression of nerve roots, were treated under local anesthesia with Xandicain 1%. Midazolam was given as mild sedation, if needed. Patients with additional radicular pain were treated in general anesthesia. During positioning on the operating table, attention was paid to upholster the kyphotic or lordotic spinal malalignment. Needle placement for percutaneous vertebroplasty was performed using standard fluoroscopy (Siremobil 2000, Siemens Erlangen, Germany). A commercially available kit was used for vertebroplasty (Stryker Coorporation, Jersey City, NJ, U.S.A.). The kit contains needles, 1 and 3 cc syringes for injection, and a vacuum-assisted cement mixing device, as well as a package of Howmedica Surgical Simplex P™ cement. The pedicles were identified under anterior-posterior (AP), bilateral oblique and lateral view. An approach directly lateral of the pedicles was used to minimize the risk of spinal cord or nerve root injury. Bilaterally, the vertebral body was punctured with a 13 gauge needle. After fluoroscopic control with contrast medium (Solutrast, 2cc, Byk Gulden, Germany) PMMA was injected into the damaged vertebrae. In a post treatment CT-scan the access for vertebral body puncture is shown (Figure 1 ). Three hours after the vertebroplasty procedure, patients were allowed to get up and walk without additional external orthesis.
Data analysis
Mean +/-SEM values were calculated and statistical analysis was performed using students t-test and Wilcoxon test for paired values. Statistical significance was accepted for p<0.05. 
Results
Twenty-two patients with secondary malignancies of the thoracic and lumbar vertebral column were examined. The mean age of the patients was 59.5 ± 1.9 years. The male to female ratio was 2.1:1. The diagnosis of vertebral metastasis was made after back pain prompted a radiological diagnostic in all patients. Back pain was the sole indication for treatment in this study. No patient showed a tumor related neurological deficit. Mostly, terrible pain related to body movement limited the mobility of the patients. Three patients were immobilized continuously due to pain at every movement of their body. Further five patients rested mainly in bed because of unforeseeable pain attacks during walking. Twelve patients were categorized into the group of severe disability, whereas two patients showed only moderate disability.
In two cases of pulmonary cancer and in one of prostate cancer additional radicular pain was observed besides back pain. These three patients were grouped in the bed rest group (Figure 4 , Table 1 ). MRI in all three patients showed local nerve root compression by the tumor in combination with osteolytic destruction of two vertebral bodies and pedicles. These three patients with infiltration of the neighboring vertebrae were first treated by hemilaminectomy and local tumor removal for surgical neurolysis. Vertebroplasty followed subsequently as a second step during the same general anesthesia.
Histology
The primary tumor was histologically confirmed in all patients. Primary tumor sites were lungs, prostate and breasts in 50%, 27% and 18% of patients, respectively. One patient (5%) had a spinal compression due to a plasmocytoma in a vertebrae. Most of the patients received standard treatment for the primary tumor including surgery and combined radio-chemotherapy prior to vertebroplasty.
Localization
Four patients showed an infiltration of more than one vertebral body. In two of them the adjacent to L 4 and 5 and in one case the vertebral bodies of TH 10 and 11 were affected. One patient showed an infiltration of multiple vertebral bodies. Clinical symptoms were apparent for a metastasis in vertebral body of L 3. He was treated only in the symptomatic localization. Middle and lower thoracic vertebral column was the predominant localization of metastases. A lower number of cases were observed in lumbar spine (Figure 2 ).
Pain assessment
According to the visual analog scale, the median pain value preoperatively was 6.4 (2.3 to 9.1). Two days after treatment, the visual analogue scale showed a general reduction of pain. Median pain value decreased significantly to 2.1 (0.8 to 4.6; p<0.01). Excluding the three patients from the analysis that were treated by combination of hemilaminectomy and vertebroplasty, pain improved to 1.5 (0.8 to 2.9; p<0.01) (Figure 3 ). Immediately after vertebroplasty the patients treated under local anesthesia were asked for their discomfort during the procedure. The subjective judgment of the patients showed no major problems. Using the five step division for their "comfort" during vertebroplasty, the median strain on the whole treatment including positioning of the patient, puncture procedure and duration was 2 (range 1 to 3). Preoperative analgesic drug usage was reduced during 24 hours after vertebroplasty. Three patients expressing minor local pain preoperatively did not receive any medication at 24 hours after vertebroplasty. One of these patients remained free of analgesic drugs at six months after vertebroplasty. Especially in patients with opioide and morphine medication drug reduction was performed carefully. At six weeks after operation the number of patients with class 3 and 4 medication was significantly reduced. No patient receiving class 4 drugs preoperatively became drugfree. But they were grouped into lower drug classes or were treated with reduced amounts of their prior medication. These circumstances explain the number of NSAID and class 2 drugs treated patients already after six months. Additional treatment with benzodiazepine for muscle relaxation or neuroleptics was also reduced during six weeks after operation and remained on a lower postoperative level.
OLBPD-Questionnaire
The most important point of the study and main objective of the treatment was the reduction of osteolysis related vertebral pain and the improvement of the patients' quality of life. Quality of life was assessed pre-and postoperatively by the OLBPD-questionnaire. Before completing the questionnaire two days after vertebroplasty the patients had to do physical exercises like walking, climbing stairs, knee-bend and bending over. As shown in Figure 4 , all patients reported a pain relief. The average improvement was 1.7 ± 0.1 steps of the disability score (p<0.01). Treatment in the subgroup of patients with local and radicular pain was less successful. Local pain improved well. However, residual radicular pain resulted in a minor improvement. Overall, Wilcoxon statistical analysis of the relief of disability showed a highly significant improvement after vertebroplasty (p<0.01). Although a slight worsening occured during the six month postoperative time, quality of life persisted on a significantly higher level than preoperatively.
Complications
Extravasation of PMMA outside the vertebral margins was defined as minor treatment complication. This complication was observed in five patients (23%). No patient developed any clinical or neurological symptoms. Further treatment related complication did not occur. Perioperative mortality was 0%.
Discussion

Summary of findings
In this study a total of 22 patients with back pain due to osteolytic metastasis of various primary tumors were treated with vertebroplasty. Overall a significant reduction of pain could be achieved. The patients tolerated the procedure well. Although the total amount of analgesic drugs was not reduced significantly, several patients were treated satisfactorily with reduced amounts of analgesics or with drugs of lower classes. The OLBPD-assessment revealed a significant reduction of pain leading to improved daily life activity and quality of life within two days after vertebroplasty. During the following six months quality of life diminished slowly but remained significantly improved. Patients were ambulatory within three hours after the procedure. No new neurological deficits were observed and the mortality of the procedure was 0%. Therefore, the procedure is considered to be safe. The results on pain reduction and improved quality of life in combination with reduced pain medication indicate the benefit of vertebroplasty in patients with spinal metastases.
Treatment options in patients with osteolytic metastasis
Osteolytic metastases and myeloma are the most frequent malignant osteolytic lesions of the spine. Severe back pain and disability represent the major symptoms in affected patients. Mechanical pain is the predominant type of pain in patients with osteolytic metastasis. Therapeutic management depends on the number of affected vertebrae, the spinal level and the osteolytic location of the tumor within the vertebra. Epidural extension of tumor tissue in the spinal canal together with the neurological signs determines the therapeutic regimen. In general, the baseline condition of the patient sets the limitations of the therapeutic extend. The timing of the treatment is primarily determined by the severity of pain and disability. Radiation therapy gives partial or complete relief of the pain in more than 90% of patients [10] . However, this analgesic effect is not obtained until 10-20 days after the procedure. Strengthening of osteolytic vertebra after irradiation is minimal with a high remaining risk of painful vertebral collapse [10] . Vertebrectomy and surgical reinforcement of osteolytic vertebral bodies is not practical in most patients because of the multifocal nature of the disease. Therefore, minimal invasive methods with the aim of pain release combined with a stabilizing compound will be the method of choice. The immediate analgesic effect of vertebroplasty can be explained by a so called "in situ immobilization" of vertebral body fracture. Pathophysiologically, the cement is inserted into the bone and stabilizes the bone immediately. In addition, the polymerisation heat may destroy pain fibers in the bone itself.
Indications for vertebroplasty
Clinical appearance
The best results are seen in patients who complain of a severe, focal, and mechanical back pain, requiring bed rest and major analgesic drugs, related to a neoplastic vertebral collapse without epidural involvement [11] . In a study on 37 patients with osteolytic metastases pain decreased in 97.3% of patients [12] . In a two years followup narcotic and analgesic drug usage decreased by 63% [13] . In our study focal pain during movement represented the best indication for vertebroplasty. 
Radiological appearance
The vertebral collapse must not be complete. In case of an osteolysis with a high risk of vertebral collapse, it is indicated to perform vertebroplasty already in asymptomatic metastatic vertebral body lesions in order to prevent the collapse [11] . The amount of cement inserted does not correlate with the reduction of pain [4] . There is no reason for a complete filling of the lesion. It is better to avoid a leakage of cement with the risk of cord compression, especially in extensive cortical osteolytic lesions. The amount of PMMA used in this study ranged between 3 and 6 ml.
Vertebroplasty and adjacent therapies
Radiotherapy should be performed after vertebroplasty. Radiation therapy does not interfere with the mechanical properties of PMMA [14] . Additionally, irradiation complements the analgesic effect of vertebroplasty. Vertebroplasty seems to have an antitumoral effect. This can explain the low number of cases of local recurrence even if vertebroplasty is not completed by irradiation. The antitumoral effect may be explained by the local toxicity of PMMA and the heat of polymerisation and ischemia induced by the injection of cement in a limited tumoral tissue volume [15] , [16] , [3] .
Complications of vertebroplasty
In general, more complications are reported after vertebroplasty of malignant lesions than of osteoporotic fractures [3] . Most complications are due to leakage of cement, in cases of cortical osteolysis. The use of a relatively viscous cement mixture may prevent leakage in this situation [17] , [4] , [18] . Needle placement should be guided by the particular anatomy of each specific lesion. In general, anterior needle placement is desirable so that the cement is injected as far from the spinal canal as possible. Multiple needle placements and separate cement injections may be necessary to fill the vertebral body adequately without compromising of the spinal canal or the neural foramen. The goal of cement injection is to provide adequate support for the anterior column. The complication rate for vertebroplasty in malignant spinal lesions is 10% [11] . Three types of acute symptoms can be observed: increased pain not associated with cement leak, radiculopathy, and spinal cord compression. Radiculopathy is the major complication of vertebroplasty with a risk of 4% [11] . The thoracic and lumbar transpedicular approach of the vertebral body avoids leaks into the external part of the neural foramina along the needle track and the risk of radiculopathy [11] . In osteolytic vertebral collapse and narrow pedicles of thoracic vertebral column, an approach immediately lateral to the pedicle will provide additional safety in order to avoid opening of the spinal canal or damaging of a nerve root. Vertebroplasty under local anesthesia should be considered for the treatment of patients with osteolytic vertebral collapse [19] , [18] . Awake patients allow the clinical detection of neurological symptoms during the injection. In our study under local anesthesia, patients tolerated the procedure well and reported only little pain. None of the patients canceled the procedures due to intolerable pain.
Conclusions
Percutaneous vertebroplasty developed by Galibert et al. [1] as treatment option for patients with malignant destruction of the thoracic and lumbar vertebral column provides fast pain relief by in situ immobilization of destroyed vertebra. Painless mobilization immediately after treatment restores the patients' quality of life and allows early discharge from the hospital.
